Abstract. We present BVI photometry of the globular cluster NGC 6642 using the SOI imager at the SOAR Telescope. The Colour Magnitude Diagrams (CMD) reach ≈ 1.5 mag in V below the main sequence turn-off. A comparison of the overall sequences, and in particular the Red Giant Branch slope of NGC 6642 with that of M 5 indicates that the two clusters must have a similar metallicity of [Fe/H] ≈ −1.3. We also obtain for NGC 6642 a reddening E(B-V)=0.42±0.03, and a distance from the Sun of d⊙=7.2±0.5 kpc. Therefore NGC 6642 is a moderately metal-poor globular cluster, spatially located in the bulge, at a galactocentric distance of RGC ≈ 1.7 kpc. The comparison of CMDs of NGC 6642 with those of M 5 shows that there is a very good match of magnitude difference between turnoff and horizontal branch, suggesting comparable ages. M 5 has an age typical of the halo globulars, and consequently NGC 6642 is coeval with the halo. NGC 6642 is a good candidate to be one of the few genuine metal-poor and old bulge clusters, and might be one of the most ancient fossils in the Galaxy.
Introduction
For the vast majority of the known globular clusters in the Galaxy (Harris 1996 , as updated at http://www.physics.mcmaster.ca/Globular.html), the properties have already been inferred by means of Colour-Magnitude Diagrams (CMD). Until recently, no optical CMD was available for NGC 6642. In Barbuy et al. (1999) a revision of clusters within 20
• x20
• around the Galactic center was presented, where NGC 6642 was not included due at the time to a lack of information on its HB morphology and distance to the Galactic center.
In Piotto et al. (2002) , 74 CMDs in the HST WFPC2 F439W and F555W bands were presented. NGC 6642 is included in that study, however reddening and distance were adopted from Harris (1996) . A JK CMD was presented by Minniti, Olszewski, & Rieke (1995) , who detected the cluster's Red Giant Branch (RGB). Recio-Blanco et al. In such central direction, bulge and inner halo are superimposed, and it is important to derive accurate positions, kinematical data, metallicity and abundance ratios to characterize membership of globular clusters with respect to both Galactic subsystems.
Previous data indicate that NGC 6642 is a metal-poor globular cluster located in the bulge, and such borderline objects may provide clues on the bulge/inner halo issue, and in turn, on the early stages of the Galactic bulge formation.
In this work we present deep BVI CMDs for NGC 6642, deriving reddening, metallicity and distance. We also determine the age, for the first time for this cluster.
In Section 2 we describe the observations, data reduction and calibration procedures.
In Section 3 we present the CMDs and measure cluster parameters. In Section 4 the relative age of NGC 6642 is derived and discussed. Concluding remarks are given in Section 5.
Observations
The SOAR is a 4.1m telescope, located at Cerro Pachon, Chile, and operated by AURA, for the consortium composed by CNPq-Brazil, NOAO, UNC and MSU.
⋆ Observations collected with the SOAR Telescope, at Cerro Pachon, Chile The images were flatfielded, bias subtracted, trimmed, and mosaiched by the SOAR Staff members. The photometry was carried out using the DAOPHOT and ALLSTAR codes (Stetson 1994) .
The absolute calibration was obtained from the standard stars in the region Markarian A (Landolt 1992) observed on July 10th. This field is projected quite close to the cluster on the sky and it contains standards spanning a wide range in colour (-0.24 < V − I < into calibrated magnitudes (BVI) obtained from these standards are: case we prefer to use the extrapolation. In the present case, as usually occurs with CCD photometric systems, the colour terms are rather small and, consequently the calibrations do not depart much from the linear extrapolations, indicating that the passband system matches well the standard Johnson-Cousins system adopted in the Landolt standards.
We also checked the colour term calibration using our previous observations obtained at the ESO Danish 1.5m telescope in 2000, calibrated using Landolt (1992) In the case of crowded fields such as in NGC 6642, however, the poissonian noise is a lower limit indication of the real photometric error because it increases only as a consequence of the higher background level. It does not take into account the spatial noise (the residual noise from the flat fielding) neither the fitting errors induced by the blends. Extensive tests carried out in the past demonstrated that the poissonian errors in globular cluster crowded fields are typically 3-4 time lower than the errors derived from frame to frame or from artificial star experiments. For this reason we independently evaluated the photometric errors in the cluster area from frame to frame comparisons. Using V images with exposure times of 7s and 600s, errors of 0.015 mag have been derived at V =15, increasing up to 0.07 mag at V =18, close to the limiting magnitude of the short exposure frame. In principle these numbers should be representative of errors in the short exposures because the signal to noise in the long exposure is considerably higher.
A realistic evaluation of the photometric errors in crowded fields affected by differential reddening, is difficult to measure. Still the frame to frame method does not fully take into account the blends because, if the seeing is not very different in the two frames, the blend effects are similar, but it takes into account the spatial noise and residual defects of the detector (important mainly for bright stars) because the images are shifted by several pixels. This means that the frame to frame errors, while more realistic of the poissonian error alone, still give a somewhat lower limit.
In the subsequent analyses, we will employ CMDs derived from the combination of the short and long exposures, in order to avoid saturation effects. After trying to fit the mean loci of a number of template clusters of different metallicities to the CMD of NGC 6642, we found that the best match is obtained using the CMD of M 5 (NGC 5904), after applying the appropriate shifts in magnitude and colour.
In Fig. 3 we show the V vs. B − V CMD for an extraction of 0.13 ′ < R < 1.3 ′ , where the M V =0.74 has been adopted from Buonanno et al. 1989) . Distance errors are dominated by uncertainties in the HB level, ǫ V ≈ 0.1 mag. This error includes the dispersion contributed by the instantaneous magnitudes of the RR Lyrae stars. Considering in quadrature the errors of HB level and V absorption we obtain a total error in distance modulus of ±0.13.
Accordingly, the distance from the Sun corresponds to d ⊙ =7.2±0.5 kpc.
The Galactocentric coordinates of the cluster, assuming a distance of the Sun to the Galactic center of R ⊙ = 8.0 kpc (Reid 1993) , are X = -1.0 (X < 0 is our side of the Galaxy), Y = 1.2, and Z = -0.8 kpc. The Galactocentric distance is R GC ≈ 1.7 kpc. We conclude that the cluster is spatially located within the bulge.
Concerning the kinematics, Harris (1996) gives a radial velocity v r,LSR = -45 km s −1 .
This low velocity for NGC 6642 in such central direction is compatible, within uncertainties, with the bulge rotation (Côté 1999) . However, considering the distribution of globular clusters in Fig. 11 of Côté (1999) , membership to the inner halo cannot be ruled out. Another possibility is that NGC 6642 is a halo cluster near perigalacticon, but in such case a higher velocity would be expected. Proper motion determination would nevertheless be necessary to rule out the halo alternative. In addition, determination of metallicity and abundance ratios would provide further constraints on the cluster membership to Galactic subsystems.
Variables
NGC 6642 is known to contain many variable stars. H93 reported the study of 18 RR Lyrae stars. Table 2 reports the magnitudes and colours for 11 variables from H93 and they are indicated in Fig. 4 .
We confirm that V1 is not a RR Lyrae star since it is located near the tip of the giant branch. It has a too red colour and therefore it is very likely a cluster long period variable, possibly Mira type for which Hoffleit (1972) gives P=216 is quite close to the center of the cluster, located at about 30" from the center. Half of the other variables we identified (V7, V13, V11, V12 and V3) are more distant. Therefore we confirm the previous H93's suggestion that these variables belong to the cluster. H93
obtained an average B RR = 17.0 and derived V = 16.3 ± 0.2 for the HB value, in very good agreement with our previous independent measurement of V HB = 16.35. We cannot check directly the consistency of our photometry with H93's zero point because we have no common secondary standard, but there is no evidence for inconsistencies between the two photometries.
The Relative Age

Field decontamination
The relatively low latitude and bulge-intercepting line of sight of NGC 6642 imply that there is important field contamination, as shown by the width of the Main Sequence (MS) and turn-off (TO) (Fig. 5a) . To minimize the effect of foreground and background field stars on the cluster CMDs we apply a decontamination procedure based on the number-density of stars present in the offset field. As offset field we use the North-South Piotto et al. 2002) shows similar CMDs, perhaps with the presence of a small gap at the subgiant branch level. We note that the decontamination procedure was applied as well to the bright range in Fig.5 . However, the field-star density for bright stars is so low compared to that of the cluster that essentially no star was subtracted. to the BV analysis, the bright sequences are well fitted and the VI field subtracted TO is well reproduced in the range V − I ≈ 1.0 − 1.3, which is considerably narrower than the distribution of stars in the BV CMD. The above indicates for NGC 6642 an age comparable to that of M 5. We point out that at the RGB base some oversubtraction seems to have occurred. However the general fit is not affected since the HB and GB extents provide constraints and leverage. Rosenberg et al. (1999) and De Angeli et al. (2005) have shown that M 5 has an age compatible with the mean age of the halo clusters. Therefore, NGC 6642 is coeval with the halo.
Concluding Remarks
The SOAR telescope and the optical imager SOI have produced suitable scientific images of NGC 6642 in its first commissioning phase. Subarcsecond images were obtained.
A CMD reaching below the turn-off was obtained, allowing to measure its age relative to the template halo cluster M 5. NGC 6642 is coeval with M 5, and therefore with the halo. It is interesting to note that this cluster shows an intermediate metallicity in the tail of the metallicity distribution of the bulge (McWilliam & Rich 1994) , and that it is spatially located within the bulge volume.
It is important to note that the genuine bulge metal-poor globular clusters might be the most ancient fossil records of the Galaxy (van den Bergh 1993), and NGC 6642 may be one of these objects.
Kinematical studies, in particular proper motions, would be of great interest to verify to which component of the spheroid it belongs. A further analysis of great interest would be to derive abundance ratios from high resolution spectroscopy of individual stars, which might give hints on characteristics of inner halo or bulge population for this cluster.
